FAD binding in glycine oxidase from Bacillus subtilis.
The apoprotein of the FAD-containing flavoenzyme glycine oxidase from Bacillus subtilis was obtained at pH 8.5 by dialyzing the holoenzyme against 2 M KBr in 0.25 M Tris-HCl and 20% glycerol. The apoprotein of glycine oxidase shows high protein fluorescence, high exposure of hydrophobic surfaces, and low temperature stability as compared to the holoenzyme. The isolated apoprotein species is present in solution as a monomer which rapidly recovers its tertiary structure and converts into the tetrameric holoenzyme following incubation with free FAD. The reconstitution process follows a particular two-stage process; the spectral properties of the reconstituted holoenzyme were virtually indistinguishable from those observed with native glycine oxidase, while the activity was only partially (50%) recovered. The urea-induced unfolding process of glycine oxidase can be considered as a two-step (three-state) process: the presence of intermediate(s) in the unfolding process of the holoenzyme at approximately 2 M urea is evident in the changes of the flavin fluorescence intensity and can be also inferred from the different urea sensitivities of the spectral probes used. On the other hand, only a single transition at approximately 4.5 M urea concentration is observed for the apoprotein form. The chemical denaturation of glycine oxidase holoenzyme is partially reversible (e.g., no activity is recovered when starting the refolding from 4 M urea-denatured holoprotein). Finally, the introduction by site-directed mutagenesis of residues corresponding to those involved in the covalent link with FAD in the related flavoenzyme monomeric sarcosine oxidase failed to convert glycine oxidase into a covalent flavoprotein. These investigations show that the consequences of FAD binding for the stability and folding process distinguish glycine oxidase from enzymes active on similar compounds.